Objective. To identify disease-specific gene expression profiles in patients with rheumatoid arthritis (RA), using complementary DNA (cDNA) microarray analyses on lymphoblastoid B cell lines (LCLs) derived from RA-discordant monozygotic (MZ) twins.
Rheumatoid arthritis (RA) is a chronic inflammatory joint disease. Neither the pathogenesis of RA nor its etiology is fully understood. The inflamed synovium is characterized by infiltration of inflammatory cells, the presence of lymphocytes, formation of new blood vessels, and hyperplasia of synovial lining cells that release proteolytic enzymes, leading to destruction of adjacent cartilage and bone (for review, see ref. 1) . It has previously been postulated that aberrant angiogenesis, impaired apoptosis, and migration of cells from the peripheral blood into the synovial compartment may collaboratively contribute to the formation and propagation of rheumatoid pannus (2, 3) . Increasing evidence over the past several years indicates that B lymphocytes play a central role in RA pathogenesis. These cells appear to home to the pannus from the peripheral blood and form germinal center-like structures in the inflamed synovium. They are believed to release cytokines, engage in antigen presentation, sustain cell survival, and enhance pannus growth.
Susceptibility to RA has a strong heritable component, with several genes implicated, both within and without the HLA complex (4) . Interestingly, despite the strong involvement of genetic factors, occurrence of the disease among genetically susceptible individuals seems to be random, as evidenced by the high disease discordance rate among monozygotic (MZ) twins. Meta-analysis of the literature revealed that the rate of concordance of RA among these genetically identical twins is only ϳ15% (5). This low concordance rate suggests that although susceptibility to RA depends on genetic factors, disease pathogenesis may involve nonheritable mechanisms.
To identify disease-associated genes regulated by nongenetic or epigenetic mechanisms, we compared gene expression profiles in immortalized lymphoblastoid B cell lines (LCLs) from RA-discordant MZ twins. A total of 1,163 transcripts, representing 827 uniquely named genes, were differentially expressed in RA twins relative to their healthy cotwins, including 747 overexpressed and 416 underexpressed transcripts. Many of the identified genes have been previously implicated in RA and segregated into several discrete RA-relevant functional categories. The 3 most significantly overexpressed genes, which belong, respectively, to the proteolytic, inflammatory, and angiogenic functional categories, have not been previously implicated in RA. This study is the first to demonstrate that the products of these 3 genes are abundantly expressed in RA pannus.
PATIENTS AND METHODS
Cell lines and synovial tissues. LCLs were prepared from the peripheral blood B cells of 11 pairs of RA-discordant MZ twins, using a standard Epstein-Barr virus (EBV) transformation technique (6) . LCLs were cultured in supplemented RPMI 1640 containing 10% heat-inactivated fetal bovine serum (FBS; Irvine Scientific, Santa Ana, CA) at a density of 0.5-1.0 ϫ 10 6 cells/ml. All lines had been maintained in identical tissue culture conditions, cell density, and viability. LCLs were kept in continuous long-term (2-6-month) culture, with no measurable change in their viability or functional properties over time. Aliquots of paired LCLs were periodically frozen, and these samples were occasionally used in rare instances of culture loss. In those instances, the most recently frozen samples of both the RA twin LCLs and the healthy cotwin LCLs were thawed at the same time to assure identical tissue culture history. Synovial tissue was obtained from patients with RA or patients with osteoarthritis (OA) at the time of arthroplasty or synovectomy. All patients fulfilled the American College of Rheumatology (formerly, the American Rheumatism Association) criteria for either RA or OA (7, 8) . Normal synovial tissue was obtained from fresh samples at autopsy or from amputations. All samples were obtained with institutional review board consent. The synovial tissue was either used freshly to prepare RNA or embedded in optimal cutting temperature compound (Sakura Finetek, Torrance, CA) and frozen at Ϫ80°C until used.
Extraction of total RNA and reverse transcription. Total cellular RNA was extracted with the RNeasy Mini Kit (Qiagen, Valencia, CA). Briefly, 1 ϫ 10 7 line cells or 50-100 mg of homogenized synovial tissue was lysed in 300 l of buffer containing 4M guanidinium salt and ␤-mercaptoethanol, and homogenized by using a microultrasonic cell disrupter. After addition of 300 l of 70% ethanol, the mixture was loaded onto the RNeasy spin column and centrifuged for 0.5 minutes at 8,000g. The column was washed with a buffer containing 70% ethanol and centrifuged twice. After treatment with DNase I, total RNA was collected with 50 l of diethyl pyrocarbonate-treated water and stored at Ϫ80°C. The concentration and purity of RNA were determined by measuring the absorbance at 260 nm and 280 nm, respectively. Complementary DNA (cDNA) was synthesized from 1 g total RNA by using Multiscribe Reverse Transcriptase (Applied Biosystems, Foster City, CA). Negative control samples were prepared using all reagents except the RNA sample and without the reverse transcription step.
Microarrays. Microarrays (20,000-gene chip, or 20K cDNA array) containing sequence-verified polymerase chain reaction (PCR)-amplified human cDNA were manufactured as described previously (9) . (The clone information is available online at http://www.pathology.med.umich.edu/chinnaiyan/ index.html. Protocols for printing and postprocessing of arrays are available online at http://www.microarrays.org/ protocols.html.) Complementary DNA microarray analysis of gene expression was done essentially as described previously (9) . Briefly, total RNA isolated from the twins with RA was reverse transcribed and labeled with cy5 fluorescent dye. RNA from the healthy cotwins was prepared in a similar manner and labeled with cy3 fluorescent dye. The labeled products were then mixed and hybridized to 20K cDNA array. For each profile, the RA twin RNA in the cy5 channel was paired with RNA in the cy3 channel from the corresponding disease-free twin. The images were flagged and normalized using the Genepix software package (Axon Instruments, Union City, CA). Significance of gene expression (expressed as a q value) was determined using significance analysis of microarrays (SAM) (10) . Gene expression patterns were visualized as colorgrams using TreeView (11) . Gene ontology (12) annotation term assignments were obtained from LocusLink (13) .
Immunohistochemistry. Immunohistochemistry was performed on human synovial tissues for cysteine-rich, angiogenic inducer 61 (Cyr61) with polyclonal rabbit antibody, cross-reacting with the human, mouse, and rat protein (Santa Cruz Biotechnology, Santa Cruz, CA), and for 11␤-hydroxysteroid dehydrogenase type 2 (11␤-HSD2) with polyclonal sheep anti-human antibody (The Binding Site, Birmingham, UK). Cryosections (5 m) were fixed in cold acetone for 20 minutes. Endogenous peroxidase was quenched by treatment with 3% H 2 O 2 for 5 minutes. Synovial tissue was pretreated with 3% FBS for 1 hour at 37°C before application of the primary antibody at a final concentration of 1 g/ml (for Cyr61) or 69 g/ml (for 11␤-HSD2). Indirect immunoperoxidase staining was performed using Vector Elite ABC kits (Vector, Burlingame, CA) and diaminobenzidine (Kirkegaard and Perry, Gaithersburg, MD) as a chromogen, followed by counterstaining with hematoxylin. Rabbit and sheep IgG were used as negative controls. Staining patterns were analyzed, and representative sections were photographed.
Double immunofluorescence was performed on human synovial tissue to determine colocalization of Cyr61 with B cells, using CD20 as a B cell marker. After fixation with ice-cold acetone for 10 minutes and blocking with 3% horse serum, fluorescein isothiocyanate-conjugated anti-human CD20 antibody (BD PharMingen, San Diego, CA) was added at a dilution of 1:100 in phosphate buffered saline and incubated at 4°C overnight. Goat anti-Cyr61 antibody (1 g/ml) or an IgG control was added for 1 hour at room temperature. As secondary antibody, Alexa Fluor 555 donkey anti-goat IgG (Molecular Probes, Eugene, OR) was used at a dilution of 1:200 at room temperature for 30 minutes. Images were obtained using an Olympus BX51 fluorescence microscope system with DP Manager imaging software (Olympus, Melville, NY).
Microscopic analysis. Various synovial tissue cell types were evaluated for Cyr61 and 11␤-HSD2 staining, and included lining cells, macrophages, endothelial cells, smooth muscle cells, and fibroblasts. Cell types were distinguished based on their morphologic characteristics, as previously described (14) . Immunostaining was evaluated and graded in a blinded manner. Immunopositivity was determined using the following scoring system: 0 ϭ no staining; 1 ϭ few scattered positive cells; 2 ϭ moderate number of stained cells; 3 ϭ large number of positive cells; 4 ϭ very heavy/dense population of immunoreactive cells. The inflammation score was obtained using the following scoring system: 0 ϭ normal; 1 ϭ increased number of inflammatory cells, arrayed as individual cells; 2 ϭ moderate number of inflammatory cells; 3 ϭ increased number of inflammatory cells, including distinct clusters (aggregates); 4 ϭ marked diffuse infiltrate of inflammatory cells (14) . Synovial tissue vascularity was scored on a 1-4 scale as follows: 1 ϭ marked decrease in blood vessels; 2 ϭ normal vessel density; 3 ϭ increased vessel density; 4 ϭ marked increase in vessel density.
Quantification of laeverin messenger RNA (mRNA) expression in synovial tissue by real-time PCR. Exon-spanning primers and probes for laeverin were designed according to published cDNA sequences of the human gene (NM_173800). The forward primer was 5Ј-AAGAAAAGATTCAA-CTTGCTTATGCA-3Ј, the reverse primer was 5Ј-TGGAGATGTGCTGATGGCATAC-3Ј, and the probe was 5Ј-FAM-CTGCAGCAAAGACCCATGGATACTTAAC-AGA-TAMRA-3Ј. The PCR product was 92 bp from cDNA and 300 bp from genomic DNA. Laeverin mRNA levels were normalized against ␤-actin (NM_001101), using a forward primer (5Ј-TTGCCGACAGGATGCAGAA-3Ј), a reverse primer (5Ј-GCCGATCCACACGGAGTACT-3Ј), and a probe (5Ј-FAM-CCCTGGCACCCAGCACAATGAAG-TAMRA-3Ј). The PCR product was 101 bp from cDNA and 213 bp from genomic DNA.
PCR was carried out with 2ϫ PCR MasterMix (Applied Biosystems) in a total volume of 50 l containing 5 l (2 l for ␤-actin) of cDNA, 0.4 M of each PCR primer, 0.2 M of Taqman probe with passive reference, and 25 l PCR MasterMix. Laeverin and ␤-actin genes were amplified in duplicate in separate tubes. The amplification parameters were 50°C for 2 minutes, 95°C for 10 minutes, and 50 cycles of 95°C for 15 seconds and 60°C for 1 minute. The fluorescence emission from individual PCR tubes at each cycle was monitored in a 7300 Real-Time PCR system (Applied Biosystems). The cycle threshold of detection (C t ) values were defined as corresponding to the PCR cycle number at which the fluorescence was detectable above an arbitrary threshold, based on baseline data within cycles 3-15. The arbitrary threshold was decided to ensure that the C t values were obtained in the exponential phase of the PCR, during which there are no rate-limiting components.
To construct a standard curve, cDNA was synthesized from total RNA extracted from cell culture, and then diluted (from 2 times to 32 times) in 5 steps. A standard curve of C t values against the log value of cDNA was generated for both laeverin and ␤-actin. The relative concentrations of laeverin and ␤-actin were obtained from the standard curve, and the ratios of laeverin normalized against ␤-actin were calculated.
Statistical analysis. Immunohistochemical analysis and PCR results are expressed as the mean Ϯ SEM. Data were analyzed using Student's t-test when applicable. P values less than 0.05 were considered significant. Pearson's correlation coefficients were calculated to determine the relationship between inflammation and Cyr61 or 11␤-HSD2 staining. The significance of these correlations was determined using analysis of variance. Microarrary data were analyzed using SAM, performed as described above.
RESULTS
To identify non-hereditarily determined mRNA expression patterns in RA, we performed cDNA microarray analysis in LCLs derived from 11 pairs of RA-discordant MZ twins. RNA samples from all RA twins were labeled with cy5, whereas paired RNA samples from the healthy cotwins were labeled with cy3. The labeled RNA was then hybridized on 20,000-gene DNA microarray chips designed to measure human mRNA. Analysis of the microarray data by SAM (10) revealed numerous differences in gene expression between the RA twins and their healthy cotwins. SAM provides an estimate of the number of genes that may appear differentially expressed due to chance alone.
At an expected false-discovery rate of 5%, a total of 1,163 mRNA transcripts (827 uniquely named genes) showed significant overexpression or underexpression in the RA twins compared with their healthy cotwins ( Figures 1A and B) . Of the 747 genes overexpressed in the RA twins, the 3 most significant ones were FLJ90650 (for the hypothetical protein recently identified as laeverin [15] ), HSD11B2 (for 11␤-HSD2), and CYR61 (for Cyr61). Significantly reduced expression in the RA twins compared with their healthy cotwins was found for 416 transcripts. Table 1 lists the transcripts that were most significantly (q Ͻ0.012) over-or underexpressed in the RA twins compared with their healthy cotwins.
The group of 1,163 over-or underexpressed transcripts was analyzed for functional clusters, using the gene ontology annotations (12) . We preselected gene ontology categories of particular relevance to RA. Many genes with gene ontology annotations known to be involved in RA pathogenesis were differentially expressed in the twins' LCLs (Tables 2 and 3 ). Of particular relevance, several proapoptotic genes (e.g., CASP7, FADD) were found to be underexpressed, while some antiapoptotic genes (e.g., TIAF1) were overexpressed. Other RA-relevant categories of genes included immune response genes, proteolysis and peptidolysis genes, heatshock protein genes, and chemokine and chemokine receptor genes (Tables 2 and 3) .
To assess the relevance of the differentially expressed genes in RA, we sought to determine whether products or transcripts of the 3 most overexpressed genes (FLJ90650, CYR61, and HSD11B2) could be detected in the synovium. Figure 2A shows the results of immunohistochemical analysis of Cyr61 protein expression in synovial tissue from RA and OA patients and from normal healthy individuals. As can be seen in Figure 2B , RA synovial tissue showed significant overexpression of Cyr61 on synovial macrophages (mean Ϯ SEM staining score 2.9 Ϯ 0.1) compared with normal (staining score 1.3 Ϯ 0.2; P ϭ 2.3 ϫ 10 Ϫ7 ) and OA (staining score 1.8 Ϯ 0.2; P ϭ 2 ϫ 10 Ϫ4 ) synovial tissue. Increased Cyr61 immunoreactivity was also found on RA synovial tissue lining cells (staining score 3.3 Ϯ 0.2) as compared with normal (staining score 2.2 Ϯ 0.5; P ϭ 0.010) and OA (staining score 2.6 Ϯ 0.2; P ϭ 0.005) synovial tissue lining cells. In OA synovial tissue, a significant increase in Cyr61 expression in endothelial cells (staining score 1.3 Ϯ 0.2) was found, which clearly distinguished OA synovial tissue from normal synovial tissue (staining score 0.4 Ϯ 0.2; P ϭ 0.002) and RA synovial tissue (staining score 0.6 Ϯ 0.2; P ϭ 0.007). Of interest, Cyr61 in RA synovial tissue appeared to be down-regulated in both smooth muscle cells and fibroblasts relative to these expression levels in normal and OA synovial tissue. Thus, the lineage-specific expression Immunohistochemical analysis did not reveal significant Cyr61 staining in synovial tissue lymphocytes. However, we reasoned that both the low abundance of B cells in the synovial tissue and the lack of distinguishing morphologic features that could be used to positively identify B cells could have prevented the detection of occasional Cyr61-positive synovial tissue B cells. To more directly determine whether synovial tissue B cells express Cyr61, double immunofluorescence analyses were performed using B cell-specific anti-CD20 and anti-Cyr61 antibodies. CD20-positive B cells were only sparsely present in human synovial tissue, but ϳ50% of them showed Cyr61 protein expression ( Figure 2C ), indicating that some synovial tissue B cells do produce Cyr61 in situ.
The results of immunohistochemical analysis of 11␤-HSD2 protein expression are shown in Figure 3A .
As can be seen in Figure 3B , similar to the results of Cyr61 immunostaining, 11␤-HSD2 showed higher immunoreactivity in macrophages of both OA (mean Ϯ SEM staining score 1.9 Ϯ 0.3) and RA (staining score 2.4 Ϯ 0.3) synovial tissue as compared with normal synovial tissue (0.8 Ϯ 0.2; P ϭ 7.3 ϫ 10 Ϫ4 and 2.6 ϫ 10 Ϫ4 , respectively). There was no significant difference between RA and OA 11␤-HSD2 macrophage immunostaining. Significantly increased immunostaining of 11␤-HSD2 was also found in smooth muscle cells of RA * Significance was defined as q Ͻ 0.012. EGF ϭ endothelial growth factor; TEK ϭ tunica interna endothelial cell kinase. Figure 3B ). Thus, the results shown in Figures 2 and 3 demonstrate a nonrandom and lineage-selective immunoreactivity to Cyr61 and 11␤-HSD2 in RA synovial tissue. The immunostaining results in OA synovial tissue suggest that expression of these 2 proteins may correlate with the extent of inflammatory changes or vascularity, which are 2 parameters that can be increased in OA synovial tissue (16) . To quantify these parameters, inflammation and vascularity scores were determined in each of the normal, OA, and RA groups (Figures 3C and  D) . The abundance of inflammatory cells was significantly higher in OA synovial tissue (mean Ϯ SEM inflammation score 0.9 Ϯ 0.2) compared with normal synovial tissue (inflammation score 0.1 Ϯ 0.1) (P ϭ 1.7 ϫ 10 Ϫ5 ) and was higher in RA synovial tissue (inflammation score 3.0 Ϯ 0.2) compared with normal synovial tissue (P ϭ 7.4 ϫ 10
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). Both the OA and the RA group also showed a significant increase in synovial tissue vascularity (mean Ϯ SEM vascularity score 2.9 Ϯ 0.3 and 3.1 Ϯ 0.1, respectively) as compared with normal tissue (vascularity score 1.8 Ϯ 0.1) (P ϭ 2 ϫ 10 Ϫ6 or 9.7 ϫ 10 Ϫ8 , respectively). Of interest, Cyr61 protein expression on synovial tissue macrophages positively correlated with the inflammation score in RA, OA, and normal synovial tissue (total of 46 samples; r ϭ 0.72, P ϭ 1.5 ϫ 10 Ϫ8 ), suggesting that Cyr61 may be a useful marker of the inflammatory process in arthritis. Similarly, 11␤-HSD2 immunostaining of synovial tissue macrophages showed a positive correlation with the level of inflammation in synovial tissue (total of 34 samples; r ϭ 0.61, P ϭ 0.001). Thus, the expression levels of Cyr61 and 11␤-HSD2 in synovial tissue may reflect the extent of inflammation and vascularity.
The product of the most significantly overexpressed gene, FLJ90650, has been recently identified as laeverin. To date, this N-aminopeptidase has been detected in human placenta only (15) . Given its highly significant overexpression in the RA LCLs, we sought to investigate its expression in synovial tissue. In the absence of laeverin-specific antibodies, we used a real-time PCR approach to quantify its expression levels. As shown in Figure 4 , RA synovial tissue (n ϭ 14) displayed markedly higher levels of laeverin mRNA transcripts as compared with those displayed by OA synovial tissue (n ϭ 9) (P ϭ 0.006). 
DISCUSSION
Using cDNA microarray analyses of LCLs derived from 11 pairs of RA-discordant MZ twins, we identified a group of disease-relevant, differentially expressed genes. Gene ontology analysis provided a biologic context for these genes. The disease relevance of the products of the 3 most significantly overexpressed genes, not previously known to be involved in RA pathogenesis, was further suggested by direct demonstration of their abundance in the synovium. This is the first report of the use of microarray gene expression analysis in MZ twins in RA. To date, research efforts to characterize the molecular events contributing to RA pathogenesis by gene microarray analysis have focused on the rheumatoid pannus, using a case-control approach (17) (18) (19) (20) . However, interpretation of these studies is confounded by the use of unrelated RA patients with heterogeneous genetic backgrounds, in addition to unavoidable microheterogeneity within the synovial tissue itself. We compared the results from our data set with those from the public microarray data set (17) but could find no significant concordance between the 2 sets of results. The advantage of our approach is that it allows comparisons with genetically identical normal controls, thereby examining RA-specific, disease-modulated transcripts. Thus, this approach offers a focused analysis of genes modulated by nonhereditary mechanisms, which play a major role in triggering onset of disease in genetically susceptible individuals, as has been suggested in analyses of twin RA concordance rates (5) .
DNA microarray analyses of MZ twin samples have been previously used to identify disease mechanisms in only 3 studies (21-23), and have never been used in RA before. Twin microarray analysis has been found to be a useful investigative tool in 2 hematologic malignancies (21, 22) and in 1 nonmalignant condition (23) . Using DNA microarray analysis of LCLs derived from 2 pairs of twins discordant for bipolar disorder, Kakiuchi et al recently discovered that down-regulation of genes related to the stress response plays a role in the pathogenesis of that disorder (23) . It is noteworthy that the extent of heterogeneity in gene expression detected by microarray between affected and nonaffected MZ twin pairs is remarkably low (24) . The observation that there is low background "noise" with this method makes microarray analysis of disease-discordant MZ twin pairs a particularly powerful investigative tool.
To overcome the scarcity of peripheral blood B cells in RA (25, 26) we used immortalized lymphoblastoid B cell lines. It is intriguing that stable differences could be seen in long-term-cultured LCLs. It should be added, however, that long-term LCLs have been previously found to exhibit lasting phenotypic and functional traits in at least 16 other diseases, both immunemediated and non-immune-mediated (a complete list of the representative diseases studied with LCLs can be obtained from the authors). As an example, long-term LCLs of individuals with bipolar disorder display altered signal transduction systems (27, 28) and down-regulated expression of stress response genes (23) . Similarly, stable disease-specific aberrations were found in long-term LCLs from patients with diverse metabolic, vascular, neoplastic, and hematologic disorders. Using both casecontrol and MZ twin analyses, we recently documented long-lasting increased mRNA expression and enzymatic activity of sphingosine kinase 1 (SphK1) in LCLs from RA patients compared with healthy controls (29) .
The extent to which the in vitro immortalized LCLs faithfully represent the pool of peripheral blood B cells is presently unknown. However, using a doublestaining immunofluorescence technique, we were able to demonstrate expression of Cyr61 synovial tissue B cells. Approximately 50% of synovial tissue CD20-positive cells expressed this protein. It should be mentioned that since Cyr61 is a secreted protein, the actual percentage of B cells producing this protein could be higher than 50%. Our immunohistochemistry data indicated that products of the top-ranked genes found to be overexpressed in LCLs by microarray analysis were also expressed in nonlymphoid synovial tissue cells. It has been previously noted that LCLs can display phenotypic and functional aberrations commonly assumed to be restricted to nonlymphoid tissues. For example, LCLs have been previously used to study the mechanism of endothelial abnormalities in hypertension, platelet defects in Glanzmann thrombasthenia, cytoskeletal aberrations in Wiskott-Aldrich syndrome, multisystemic glycosylation defects in carbohydrate-deficient glycoprotein syndrome IA, defective granulocyte NADPH oxidase activity in chronic granulomatous disease, and neuronal abnormalities in bipolar disorder, to mention only a few conditions. Thus, ectopic expression by the LCLs in terms of its association with pathologic development is not without precedence.
The mechanisms that allow LCLs to express ectopic phenotypes and to maintain this aberration in long-term culture are presently unknown, although the phenomenon has long been recognized as illegitimate transcription (30) . One potential explanation could be EBV-induced differential DNA methylation. It has been previously found that EBV transformation involves profound DNA methylation changes (31) . It is noteworthy that differential DNA methylation profiles have been shown to spontaneously exist in MZ twins (32) and have been implicated in the pathogenesis of autoimmune diseases, including RA (33) . Given these observations and the long-hypothesized role of EBV in RA etiology (for review, see ref. 34) , it is tempting to speculate that the virus could amplify subtle, preexisting methylation disparities. In any event, our data clearly indicate that whatever changes may have occurred as a result of in vitro B cell transformation, these changes had a differential effect in the healthy twins compared with the RA twins, in a highly statistically significant and pathogenically consistent manner, thus highlighting a fundamental biologic aberration in RA.
Gene ontology analyses revealed that many RArelated genes were differentially expressed in LCLs. Although the enrichment differences did not reach statistically significant levels, this does not diminish the biologic relevance of the findings, since it may take only a few aberrantly expressed genes to produce a pathogenic result. Given our findings of SphK1-mediated impairment of Fas-mediated cell death signaling in RA LCLs (29) , it is intriguing that in the present study, gene ontology analysis revealed that many of the disparately 400) . B, Quantification of the expression pattern of 11␤-HSD2 in distinct cells in STs from normal subjects (n ϭ 13), OA patients (n ϭ 12), and RA patients (n ϭ 13). Immunopositivity for 11␤-HSD2 on macrophages and smooth muscle cells was significantly higher in OA and RA ST compared with normal ST. Expression of 11␤-HSD2 on endothelial cells was also significantly higher in RA ST (P ϭ 0.031), while immunopositivity in RA ST fibroblasts was decreased. C, Histologic inflammation score in STs from normal subjects (n ϭ 13), OA patients (n ϭ 12), and RA patients (n ϭ 9). The inflammation score was significantly higher in OA ST compared with normal ST, while RA ST showed even more inflammatory cell influx. D, Histologic vascularity score in STs from normal subjects (n ϭ 13), OA patients (n ϭ 12), and RA patients (n ϭ 9). Vascularity in RA and OA ST was significantly higher than in normal ST. Values in B, C, and D are the mean and SEM. See Figure 2 for other definitions.
expressed genes in LCLs belonged to the cell death machinery (Tables 2 and 3 ). For instance, whereas the proapoptotic genes for caspase 7 (CASP7), Fas-associated via death domain (FADD), and tumor necrosis factor receptor superfamily member 11b (TNFRSF11B) were down-regulated, the antiapoptotic gene for transforming growth factor ␤1-induced antiapoptotic factor 1 (TIAF1), a B cell leukemia 2-related gene (BOK), and a lymphotoxin-␤ receptor gene (LTBR) were overexpressed (Table 2) . Thus, microarray analysis of LCLs revealed a tightly coordinated apoptosis-related gene expression profile. Gene ontology analysis also revealed coordinated expression profiles in genes associated with immune response, including innate immunity-related genes. For example, proinflammatory genes such as those for interleukin-7 receptor (IL7R) and LTBR were overexpressed, while CD74, IL-1 receptor type II (IL1R2), interferon-␣-inducible protein (G1P2), and lymphotoxin-␣ (LTA) were underexpressed in the RA twins. An interesting reciprocal expression pattern was found with the ␣-and ␤-chains of the complement component 8 (C8) ␤-chain (C8B), in which the ␤-chain was found to be overexpressed while the ␣-chain (C8A) was underexpressed. Analogously, while LTBR was overexpressed in RA twins, LTA and TNFRSF11B were overexpressed in the healthy cotwins. A reciprocal relationship was also found in the expression profiles of heat-shock proteins: heat shock 70-kd proteins 1B (HSPA1B) and 4 (HSPA4) were overexpressed in the RA twins, while heat shock 70-kd protein 1-like (HSPA1L) was underexpressed, consistent with recent evidence that heat-shock proteins may modulate the course of RA (35) .
In the chemokine genes category, 4 genes that encode chemokines, and one that encodes a chemokine receptor, were overexpressed ( Table 2 ). All 5 of these genes and/or their products have been previously reported to be overexpressed in RA. For example, the CXCL1 protein (also known as GRO␣), which is implicated in ingress of inflammatory cells into the synovium in RA, is overexpressed in RA synovial tissue lining cells and subsynovial tissue macrophages, as well as in plasma, synovial fluid, and synovial fluid cells of RA patients (36, 37) . Synovial fluid CCL2 and CXCL12 levels are increased and the proteins have been shown to chemoattract Th1 lymphocytes (38) . PPBP (also known as CTAP-III) is a C-X-C-motif chemokine that has long been found in RA synovial fluid (39) . CCR6 protein (40) and mRNA transcripts (41) have been demonstrated in RA synovial tissue. Thus, the panel of chemokine genes identified in the present study by an iterative approach corroborates many previous hypothesis-based studies that have implicated these genes individually in RA pathogenesis.
The gene ontology category of proteolysis and peptidolysis also revealed interesting coordinated expression profiles. The gene encoding the antiproteolytic protein for tissue inhibitor of metalloproteinases 3 (TIMP3) was underexpressed, whereas the proproteolytic genes for carboxypeptidase A4 (CPA4), plasminogen activator, urokinase (PLAU), serine protease 16 (PRSS16), X-prolyl aminopeptidase 2, membrane-bound (XPNPEP2), and the recently cloned gene FLJ90650 (presently known to encode laeverin) were all overexpressed in RA LCLs.
FLJ90650 was found to be the most significantly overexpressed gene in RA twin LCLs. This gene, the product function of which has not been studied to date, was recently found to be expressed in human extravillous trophoblasts (15) . Its predicted amino acid sequence suggests that it belongs to a group of membrane-bound gluzincin metalloproteinases and shows significant homology to aminopeptidase N (CD13), an enzyme involved in degradation of extracellular matrix, chemoattraction of T lymphocytes, and antigen processing by antigen-presenting cells (42, 43) . CD13 has been shown to play a functional role in RA (44) . Our findings provide the first evidence that laeverin, a newly discovered aminopeptidase, is abundantly expressed in RA synovial tissue.
The second most significantly overexpressed gene in RA LCLs was HSD11B2, which encodes 11␤-HSD2, a dehydrogenase that converts active glucocorticoids (cortisol and corticosterone) into inactive 11-ketosteroids. Similar to laeverin, 11␤-HSD2 protein was found to be abundantly expressed in synovial tissues; however, 11␤-HSD2 has not previously been directly implicated in RA. However, several of its characteristics make it a likely participant in the pathogenesis of this disease. For example, this enzyme can cause resistance to glucocorticoids (45) , an aberration that has been previously reported in RA (46) . Increasing tissue availability of glucocorticoids by an 11␤-HSD inhibitor has been shown to have a therapeutic effect in MRL-lpr/lpr mice (47) . In addition, 11␤-HSD2 has been implicated in the disequilibrium between the positive and negative effect of glucocorticoids on bone, which leads to osteoporosis (48), a common finding in the periarticular bone in RA. In this context it should be pointed out that another osteoporosis-associated gene, osteoclast stimulating factor 1 (OSTF1), was identified as one of the most significantly overexpressed genes (Table 2) , while osteoprotegerin (TNFRSF11B), an antiosteoporosis molecule, was found to be underexpressed in the RA twin LCLs (Table 3) .
CYR61 was the third most significantly overexpressed gene in RA twin LCLs. We demonstrated abundant expression of the gene product in the synovium by immunohistochemistry. This protein has never been directly implicated in RA. However, given the central role of angiogenesis in the pathogenesis of RA pannus (3), Cyr61, a well-established angiogenic factor, is a likely culprit. The gene encoding Cyr61 has been previously shown to be overexpressed in other active inflammatory conditions, such as hyperoxic lung injury (49) or early Graves' ophthalmopathy, in which it was proposed as a marker of disease activity (50) .
In summary, we report herein a novel approach for identification of potential disease-relevant genes in RA, using LCLs from disease-discordant MZ twins. Although the pathogenic role of the newly reported genes remains to be determined, the representation of many established pannus-associated genes in this analysis suggests that this approach could provide mechanistic insights into the pathogenesis of RA and could help identify novel candidate targets for therapeutic intervention.
